Abstract
Introduction
As one of the most prevailing forms of osteoarthritis, knee osteoarthritis (KOA) often occurs in the elderly who experience clinical manifestations including pain, inflexibility after getting up or break, ache in the evening, restricted arthrosis movement and arthrosis abnormality [1] [2] [3] . KOA is a common, chronic disease which affects one's routine activities such as climbing stairs, walking in a short distance and even housekeeping activities [4] . Approximately 60% males and 70% females aged above 65 suffer from KOA in the US [5] . The etiological mechanism of KOA can be specified as the followings: it begins with mechanical hindrance in articular cartilage, resilience and sleekness degree were gradually developed and eventually results in reactive bone reshaping, bone spurs, light catagma, dentin degeneration of cartilage and even false cyst [6] .
KOA is not only a widespread disease but also irreversible and no curative treatment has been developed. Knee replacement surgery is the most effective approach for managing KOA but this approach is risky for the elderly and the majority of KOA patients are reluctant to have knee replacement surgery [7] . As suggested by the guidelines of the American College of Rheumatology, two effective approaches for alleviating pain resulted from KOA have been discovered including non-pharmacological modalities and pharmacological therapy [8] . Conventional anti-inflammatory drugs are used to alleviate pain of KOA but they have several side-effects such as bleeding and perforated ulcers [9] . Other medicines such as Cyclooxygenase-2 inhibitors are associated with reduced side effects on gastrointestinal tissues but an increased risk of heart disease [10] . As a result, a large number of drugs have been ruled out since they were not appropriate for managing KOA and a growing number of patients seek help for complementary and alternative therapies that are able to manage KOA in an effective and safe manner [11] .
Acupuncture which is originated from ancient China has been widely practiced for thousands of years and it is able to remedy various illnesses with significant efficacy as well as alleviated discomfort [12] . Electroacupuncture (EA) is considered as an improved approach of acupuncture which adds small crocodile clips into the end of acupuncture treatment needles after acupuncture points were connected with an electro-acupuncture device which provided continuous electric stimulations [13] . EA is also considered as a secure and powerful tool for repelling pain [14, 15] . To date, few studies have confirmed the feasibility of EA in managing KOA patients with respect to pain relief and joint function development [16] . The potential mechanism may be explained by the fact that stimulation of EA induces pro-inflammatory cytokine such as interleukin-6 (IL-6) which may produce anti-inflammatory effects on peripheral receptors [17, 18] .
Although studies on EA with respect to managing KOA have been reported, few of them are able to interpret the relationship between the number of EA points and therapeutic effects of EA [19] . Taechaarpornkul et al. conducted a comparison between 2-point and 6-point EA in each lap in order to preliminarily investigate whether the number of points significantly affects the efficacy of EA [20] . Moreover, the response of advanced KOA to the same treatment appeared to be less desirable than that of lower-level KOA [21] . Hence, it could be suspected that efficacy exerted by distinct points of EA on KOA could vary with severity of KOA, thereby necessitating a study to profoundly describe how the efficacy of EA of diverse points is related to different stages of KOA.
We carried out a retrospective study in which two-point, four-point and six-point EA was applied to the same number of KOA patients in order to unveil the connection between the number of EA points and its efficacy in managing KOA. The excellent effective rate of treatment in each group were evaluated and compared. Besides that, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) along with the visual analogue scale (VAS) were adopted for pain evaluation and they were used to estimate whether these indexes of treatment efficacy varied among patients with different KOA stages.
Materials and Methods

Ethics statement
The whole study was agreed by the Institutional Ethics Committee of 181st Central Hospital of The Chinese People's Liberation Army. Informed consents were obtained from patients prior to the inclusion step.
Sample size
The minimal sample sizes of three groups (i.e. two-point group, four-point group and six-point group) were estimated with application of PASS 11before this prospective study (Hintze, J. PASS 11. NCSS, LLC. 2011 Kaysville, Utah, USA. www.ncss.com.). The minimal size was calculated as 37 per group when means/ standard deviations of changed WOMAC scores (after-treatment score-before-treatment score) were set as 19/11, 21/12 and 11/14, respectively, according to the preliminary clinical tests. Simultaneously, power (1-beta) and alpha (significance level) were set as 0.90 and 0.05, respectively. Considering the possible dropouts and the merits of a big sample size, we initially included 147 KOA patients and 15 subjects dropped out halfway.
Patients and acupuncturists
A total of 132 KOA patients (30 males and 102 females) were recruited from 181st Central Hospital of The Chinese People's Liberation Army between March 2014 and March 2015. All KOA patients were incorporated according to selection criteria of American College of Rheumatology were then further confirmed by X-ray films [22] . The radiographic assessment was in accordance with Kellgren Lawrence grading scale [23] , and patients were accordingly classified into: (1) Grade I: mild osteophyte; (2) Grade II: obvious osteophyte with narrowing joint space; (3) Grade III: moderate narrowing of joint space and sclerosis of subchondral bone; (4) Grade IV: massive osteophyte with obvious narrowing of joint space, as well as severe sclerosis and evident mal-formation of subchondral bone. Patients were excluded from the experiment when: (1) they were uncomfortable with electroacupuncture (EA); (2) their information was missing or incomplete; (3) they had severe cardiac, cerebral, hepatic and renal diseases; (4) they had other inflammatory arthritis that may affect knee functions; (5) they were in the process of pregnancy or lactation; (6) they suffered from mental disease.
The patients were all treated by licensed acupuncturists who were well trained in traditional Chinese medicine with at least three-year clinical experiences. The communication style between acupuncturists and patients were mainly adopted in the form of high expectation. Optimism and hope were conveyed with positive statements, including "We before have proved that this treatment would work", "We have found physical recovery in light of your inspection report" and so on. Besides, the atmosphere on inpatients was maintained as ease and relaxed.
Treatments
All patients were randomly allocated into three groups including the six-point EA group, four-point EA group and two-point EA group. The randomization was dependent on matched pair design, which was characterized by shortening of individual differences in terms of non-experimental factors, including age, sex ratio, BMI, grading of knees and so on. Patients in the six-point EA group received treatment at six EA points including ST34, SP10, SP9, ST36, ST35 and EX-LE4. Patients in the four-point EA group received treatment at four EA points including ST34, SP10, ST35 and EX-LE5. Finally, patients in the two-point EA group received treatment at only two EA points including ST35 and EX-LE4. Selection of EA points was based on Traditional Chinese Medicine theory which provided reference for local points in order to manage pain areas [20] .
Patients were positioned in bed where knees were supported and they remained in a comfortable position for 30 minutes. All patients received EA treatment twice a week for a period of 5 weeks. After disinfecting the local area, sterile needles (30-gauge with 0.32 mm outer diameter and 50mm length, Suzhou, China) were inserted into EA points with different depths (15-30mm for both ST36 and SP10, 15-25 mm for both SP9 and ST34, 18-25mm for both EX-LE4 and ST35). Electric stimulation was delivered by the medical EA apparatus (G9805, China) for 30 minutes at 0.5 ms pulse width and 2 Hz frequency. ST34 was connected to SP10, SP9 was connected to ST36 and ST35 was connected to EX-LE4. Stimulation intensity was continuously adjusted based on patient responses in order to keep the pain level below the threshold.
All treatment groups were advised to have quadriceps exercise for 30 times each day over the experiment period. Apart from that, patients were asked not to have any other therapies including acupuncture treatment, pain-killers or other physical therapies.
Outcome assessments Treatment outcomes were assessed by Visual Analog Scale (VAS) and McMaster Universities Osteoarthritis Index (WOMAC). VAS is an international scale which reflects pain intensity and it has a 10-cm line ranging from 0 cm (no pain at all) to 10 cm (extremely painful) [24] . VAS scores were measured before and after EA treatment for all patients. WOMAC is used to evaluate both pain intensity and functional disability of KOA patients and it adopts a multidimensional measurement of pain, stiffness and disability of physical functions. Five questions were concerned for pain dimension when patients were active or at rest. Two questions were designed for assessing stiffness dimension and seventeen questions were concerned for disability of physical functions [25] . All questions in WOMAC were rated in a numerical scale ranging from 1 (no symptoms) to 5 (severe symptoms). WOMAC was carried out using a self-assessment approach and doctors may provide assistance for those patients who had difficulty in WOMAC assessment. Total scores of the 24 questions were collected, calculated and recorded. A decrease of at least 40% in patients' WOMAC index score was considered to be statistically significant in treatment efficacy. Regarding patients' VAS, a decrease of at least 30% compared with baseline was considered as statistically significant in treatment efficacy, and the treatment was believed as extremely effective when the percentage exceeded 60%. The power of the test based on changed WOMAC score was calculated to be > 0.99.Therapeutic efficacy was evaluated by a self-assessment questionnaire based on "Guiding principle of clinical research on new drugs of traditional Chinese medicine" [26] . A total of 11 items were scored and treatment efficacy was graded into 4 levels. Grade 1 (excellent): symptoms were completely disappeared, joint exhibited normal functions with 0-1 KOA severity scores; grade 2 (good): symptoms mainly disappeared and the majority of joint functions recovered, more than 2/3 of KOA severity scores were reduced and daily activities were unaffected; grade 3 (moderate): pain mainly disappeared, joint extension and flexion exhibited normal functions, some improvement in daily work and activities, less than 2/3 and more than 1/3 KOA severity scores were reduced; grade 4 (bad): less symptoms disappeared and more than 1/3 KOA severity scores were reduced. The total effective rate was defined as the number of knees in grade 1, 2 and 3 out of the total number of knees.
Statistical analysis
All statistical analyses were performed with SPSS 18.0 software (Chicago, Illinois, USA). Data were presented in the form of mean ± standard deviation (SD). The two-tailed student's t-test, one-way analysis of variance (ANOVA) or non-parametric test was used to analyze inter-group comparisons of continuous variables, whereas the chi-square test was used for investigating differences in categorical variables between two groups. P < 0.05 provided evidence for statistical significance.
Results
Baseline characteristics of KOA patients
The clinical characteristics of all patients in the three treatment groups were shown in Table 1 . Balanced distribution of clinical characteristics were successfully achieved since there were no significant differences in clinical characteristics including age, sex, pain duration and disease grade among the three treatment groups (all P > 0.05, Table 1 ).
Comparison of clinical effectiveness among different treatment groups
The self-assessment conducted on patients with different treatments along with the non-parametric test suggested that no significant difference in the effectiveness of EA was observed among the three treatment groups (P = 0.426). The two-point EA group exhibited somewhat lower excellent and effective rate compared with the four-point and six-point EA group (Table 2, Fig. 1) .
VAS scores of patients in the three treatment groups exhibited insignificant difference before treatment was applied to patients (all P > 0.05, Table 3 , Fig. 2A ). After treatment was applied to patients, the six-point EA group had remarkably lower VAS score compared to the other two groups (P < 0.05). By contrast, difference in VAS scores between the two-point and four-point EA group appeared to be insignificant (all P > 0.05, Table 3 , Fig. 2A) . Moreover, significant reduction in mean VAS score was observed between pre-treatment VAS and posttreatment VAS in all of the three treatment groups (all P < 0.05, Table 3 , Fig. 2A ).
On the other hand, the four-point EA group exhibited significantly higher pre-treatment WOMAC scores compared with the six-point EA group (P < 0.05, Table 3 , Fig. 2B ). In addition, the six-point EA group had significantly higher post-treatment WOMAC scores compared to the two-point and four-point EA group (all P < 0.05, Table 3 , Fig. 2B ). When we compared pretreatment and post-treatment WOMAC scores, there was significant reduction in WOMAC scores in all of the three treatment groups and therefore we concluded that all of the three EA treatments were significantly effective in managing KOA patients (all P < 0.05, Table 3 , Fig. 2B ). Values were shown as mean ± SD. * denotes significant differences. VAS: Visual Analog Scale; WOMAC: McMaster Universities Osteoarthritis Index; SD: standard deviation. Table 4 . Self-assessment of change in the groups with different grades of knee OA.
b chi-square test More importantly, we discovered that patients with higher grades of KOA were associated with less effectiveness of EA. Therefore, we also concluded that electroacupuncture may be less effective for patients with higher grades of KOA.
We also compared both pre-treatment and post-treatment VAS scores for KOA patients with different grades and the Grade IV group exhibited significantly higher pre-treatment VAS scores compared to the Grade I group (P < 0.05, Table 5 , Fig. 4A ). The Grade IV group had significantly higher post-treatment VAS scores in comparison to the Grade I, II and III group (all P < 0.05), while such significant difference was not presented among the Grade I, II and III group (all P > 0.05, Table 5 , Fig. 4A ). Besides that, significant reduction in mean VAS score between the pre-treatment and post-treatment VAS scores was observed in the Grade I, II, III and IV group (all P < 0.05, Table 5 , Fig. 4A ). There was no significant difference in pre-treatment WOMAC among the four groups of patients with different grades (all P > 0.05, Table 5 , Fig. 4B ). The Grade IV group exhibited significantly higher post-treatment WOMAC scores compared with the Grade I, II and III group (all P < 0.05), while such difference among the Grade I, II and III group was not significant (all P > 0.05, Table 5 , Fig. 4B ). There was significant reduction in the average WOMAC scores after EA treatments were applied to KOA patients and this trend was consistent across different groups of KOA grades (all P < 0.05, Table 5 , Fig. 4B ).
Discussion
The present study was designed to compare the efficacy of electroacupuncture among 132 KOA patients who were allocated to three groups of EA with different number of EA points. Each group was separately treated with two-point, four-point or six-point EA and the effectiveness of EA were assessed by VAS and WOMAC scales. As suggested by both VAS and WOMAC scores, all of the three EA treatments were therapeutically effective for managing KOA patients, whereas the self-assessment scale suggested no significant difference in the effectiveness of EA among the three treatment groups. Since VAS score indicates the pain intensity around the knee joint and WOMAC score indicates the severity of KOA symptoms, then significant reduction in VAC and WOMAC scores provided evidence for the effectiveness of EA in managing KOA patients. Results from our study were consistent with those from other randomized controlled trials (RCT) which concluded significant efficacy of EA in managing KOA patients. For example, Taechaarpornkul et al. discovered that the average WOMAC scores of both two-point and six-point EA were significantly reduced over a fiveweek treatment period [20] . Apart from that, Jubb et al. also acknowledged that manual acupuncture combined with EA could significantly alleviate KOA-related symptoms compared to the sham acupuncture group [27] ; Witt et al. also discovered that improvement in joint function and pain of KOA patients was more significant in the standard EA treatment group compared with the minimal or no acupuncture treatment group [28] . However, other researchers may argue that EA was not significantly effective in managing KOA patients. For instance, Suarez-Almazor et al. conducted a RCT over a period of 3 month and concluded that the EA treatment group was not superior over the sham acupuncture group in managing KOA patients [29] . A few factors may influence the effectiveness of EA in managing KOA patients and these factors include patient expectation, operation temperature, number of needles, electric stimulation intensity and treatment duration [30] . In addition, some authors suggested that acupuncturist may have substantial impact on the effectiveness of EA treatment [29, 31] . Furthermore, varied stimulation conditions such as the number of points and treatment intensity are likely to have some impact on the effectiveness of EA. Our study demonstrated that the effective rate in the two-point group was slightly lower than those of the other two groups and this may imply that EA with more stimulated points are more appropriate for managing KOA patients. A large number of studies suggested that strong EA stimulations were associated with the optimal treatment effectiveness of EA [28] . For example, Vas employed all local EA points except ST 36 and achieved the highest tolerable intensity [32] whereas Ahsin concluded that two-point EA (ST35, EX-LE4) was more appropriate than sixpoint EA [13, 20] . As a result of this, more evidence should be obtained in order to verify the optimal number of EA points.
Our study also provided evidence that the effectiveness of EA significantly varied among patients at different stages. The effective rate of Grade IV group was 0.77 which was significantly lower than those of the other three groups. Self-assessment scores, VAS scores and WOMAC scores all indicated that EA was significantly effective in managing KOA patients. Apart from that, EA was more appropriate for mild and moderate KOA patients than for severe KOA patients.
Several limitations of our study should also be acknowledged. Firstly, confounding factors like patients' expectations and acupuncturists' bias couldn't be totally avoided as well. Secondly, we have only adopted VAS, WOMAC and the self-assessment questionnaire of patients as assessments of EA effectiveness. Other indexes including Timed Up-and-Go Test (TUGT) score [19] , Lequesne's functional index and 50 feet-walk time [33] may be considered as alternative. Finally, the follow-up period was only 1 year, and long-term changes might arguably be more clinically relevant to patients with KOA.
In conclusion, EA with different acupuncture points may not exert different effectiveness in KOA patients, but it has different roles in KOA patients at different stages. Patients with KOA, especially those with lower KOA grades could gain short-term benefits from EA treatments with all the two-, four-and six-points, implying that EA with those points could effectively and alleviate the clinical symptoms among KOA patients.
